This study investigated outbreaks of Foot and Mouth Disease (FMD) in cattle in Pabna district, Bangladesh, during August-September 2015. Out of 100 cattle, 45 were infected with FMD virus, of which five young and two adult cattle died and the postmortem changes in internal organs were recorded. Oral tissue samples from infected cattle (n = 20) of four Upazillas (Sub-district) of Pabna district were collected for viral RNA extraction and serotype identification using reverse transcriptase polymerase chain reaction (RT-PCR). Gross and histopathological changes in oral, pedal and mammary tissues were typical of FMD. Characteristics lesion of 'tiger heart disease' was seen in heart muscle of young and adult cattle. There was thickening of interlobular septum of lungs and characteristics of interstitial pneumonia. The uniplex and multiplex RT-PCR detected FMD viruses (430 bp) and FMD viral serotypes "O" (402 bp) and "Asia 1" (292 bp). Cattle of Sujanagar, Chatmahar and Isshardi Upazillas of Pabna district were infected with FMD viral serotype "O" and responsible for mortality of three young and two adult cattle. FMD viral serotype "Asia 1" causing death of two young cattle at Pabna Sadar. The fragment (485 bp) of Vp1 gene of FMD viral serotype "O" sequenced showed mutation in main antigenic sites. The phylogenetic analysis carried out with the Vp1 gene of FMD viral serotype "O" showed the viruses belonging to ME-SA topotype. The death of young and adult cattle was probably due to cardiac and/or respiratory failure. The adapted RT-PCR protocol can be used in practice for detecting FMD viruses and its serotyping. Larger samples sizes require investigating to identify existing FMD viral serotypes and topotypes in order to design future preventive strategies.
Introduction
Foot and mouth disease (FMD) is a common viral disease of cloven-hoofed animals, causing severe economic loss in Bangladesh (Islam et al., 2011) . Typical signs of FMD include fever, vesicular eruption in the mouth, tongue, inter-digital skin and teats (APHIS, 2007; Shanmugam et al., 2015) . In Bangladesh, outbreaks of FMD in cattle are common and may be exacerbated by use of ineffective FMD vaccines, lack of routine immunization, introduction of mutant viruses through cattle movement, use of vaccines of heterogeneous strains or diverse strains of FMD viruses even within same serotypes. FMD virus (FMDV) has the potential for rapid and extensive spread within and between countries .
FMDV is a member of the genus Aphthovirus family Picornaviridae and is considered to be the most contagious agent infecting farm animals. It can spread rapidly through livestock populations across continents. FMDV is often transmitted through air or direct contact (Gomes et al., 1997) . Animals that recover can remain carriers for years (McVicar and Sutmoller, 1976; Salt et al., 1996) , may intermittently shed the virus and can cause FMD outbreaks (Brown et al., 1996) . Affected animals hardly attain their original production (Rubina et al., 2006) . FMD is difficult to control owing to its contagiousness and existence of seven serotypes (A, C, O, Asia 1, SAT 1, SAT 2 and SAT 3), comprising numerous antigenic variants (Islam et al., 2016; Brown, 2003) . Out of seven serotypes of FMD viruses, four (O, A, C and Asia 1) was reported earlier in Bangladesh (Freiberg et al., 1999) . Serotype C is no longer prevailing in the world since 1990 (Chowdhury et al., 1996) . Studies conducted by Bangladesh Livestock Research Institute (BLRI) revealed that an outbreak of FMD could cause 36% morbidity in cattle, 23% in buffaloes and 5% in goats and sheep and a fatality rate in calves of 51% (www.blri.gov.bd). Annual losses due to FMD have been estimated to be US$ 10.9 million per year (Islam, 2011) .
Diagnosis of FMD is commonly made by observing clinical signs but it is difficult to detect serotypes of virus involved. The diagnosis of viral serotypes is usually made by enzyme-linked immunosorbent assay (ELISA), complement fixation test (CFT), virus neutralization test (Knowles and Samuel, 2003) , RT-PCR (Islam et al., 2017a; Pervin et al., 2011) . The RT-PCR protocol has been widely used and involves universal primers for the detection of FMDV regardless of serotype (Islam et al., 2016; Reid et al., 2003) . Multiplex RT-PCR (mRT-PCR) was introduced by Alamdari et al. (2006) and Bao et al. (2008) were in use to identify the serotypes of circulating FMDV. Histopathology of various organs was carried out to reveal the cause of death of young and adult cattle. Following RT-PCR detection of viral serotypes, the VP1 genes were amplified and sequenced to identify the level of mutation in the antigenic sites. The sequence information of VP1 gene was used in phylogenetic analysis and to identify the topotypes of the viruses involved.
Materials and Methods
This investigation was carried out in Sujanagar, Chatmahar, Isshardi and Sadar Upazilla of Pabna district, Bangladesh during August and September 2015. A total of 25 cattle from each Upazilla were investigated to know the morbidity and mortality pattern of cattle due to FMD. 20 infected cattle from four Upazillas, five from each were selected to collect oral tissues for FMD viral RNA extraction and detection of viral serotypes. Three infected dead calves and two adult dead cattle were investigated by necropsy and histopathology to assess the lesions.
Clinicopathological investigations
Ten cattle in a dairy farm (Sujanagar Upazilla, Pabna) were investigated to assess the infectivity during outbreaks. Rectal temperature was recorded for 7 consecutive days. The oral and pedal lesions and relevant signs were recorded. In acute phase of infection scrapings from oral lesions were collected and snap-frozen for the extraction of viral RNA and RT-PCR detection of viral serotypes (Islam et al., 2016) . Three infected calves (<six months of age) and one adult cow (>one year of age) were found dead, and post-mortem and histopathological investigations were done. Representative tissues from the affected organs were preserved in 10% buffered neutral formalin, sectioned and stained using haematoxylin and eosin (Luna, 1968) .
Extracted FMD viral RNA
The samples collected from oral lesions (n = 20) of acutely infected cattle were snapfrozen for the extraction of viral RNA. Viral RNA from the infected and control tissues (one representative sample from each farm) were extracted using Viral Nucleic Acid Extraction Kit II (Geneaid Biotech Ltd., Taiwan) as per manufacturer's instructions. The high quality RNA was eluted in 30 µL of nuclease-free water, the purity and concentration of viral RNA (A 260 /A 280 and A 260 ) were determined by using spectrophotometer (Lan et al., 2009 ). The pure RNA has an approximate A 260 /A 280 ratio above 1.8 in Tris-HCl buffer and proven pure RNA was used in RT-PCR detection of the viruses.
RT-PCR detection of FMD viruses
Uniplex and multiplex RT-PCR were used to detect FMD viruses and viral serotypes using published primers (Table 1 ). The RT-PCR reaction was carried out in 25 µL containing 2x Master mix, 70 to 100 ng RNA and 20 pmoL primers in each with the thermal profile stated in Table 2 . Five infected samples from each of the farms were tested including known positive RNA (from repository) to detect the FMD viruses and viral serotypes circulating. 
Amplification of VP1 gene and sequencing
Viral RNA extracted from the oral lesion of infected cattle (Jamal et al., 2012) was used in RT-PCR amplification of the fragment of VP1 gene (Table 1 and 2). The RT-PCR amplicons was gel-purified, sequenced from AIT biotech, Singapore and the sequences data were analysed to evaluate the extent of mutation and phylogenetic analysis. Sequence editing and alignment were carried out using the "Lasergene" software package (Modules-Edit Seq and MegAlign; DNASTAR Inc., USA).
Sequence and phylogenetic analysis
The cDNA of 1D and VP1 genes (639 bp) of FMD viral serotype O was used in analysis. All positions containing gaps and missing data were eliminated; a total of 485 nucleic acid bases remained in the final dataset for translational and phylogenetic analysis. The sequence information was used in Neighbour-Joining tree with kimura-2 parameter (MEGA6, Tamura et al., 2013) to construct the phylogenetic tree and to know the topotype of the viruses. The robustness of the tree topology was assessed with 1,000 bootstrap replicates as implemented in the program.
Results and Discussion

Clinical investigation
FMD is characterized by fever and vesicular eruption in the mouth, nose, muzzle, foot, teats and other hairless soft areas of the body (Islam et al., 2016; Mannan et al., 2009) . It is extremely fatal in calves, caused severe depression (Fig. 1a) and fatality.
Both in young and adult dead cattle the diseasehas been called "tiger heart disease" (Gleeson et al., 2003; Islam et al., 2017b) . The acutely infected cattle (n = 25) showed excessive foamy salivation (Fig. 1b) , erosions and ulceration in and around the mouth (Fig. 1c) and between hooves (Fig. 1d) . During seven days observation, eight cattle appeared to be infected with FMD. Before blisters and ulcers appeared in the oral cavity a rise of temperature (101ºF -103ºF) was noted in all infected cattle. The highest temperature recorded was 105ºF during the infective phase and sample from oral lesions were collected for viral RNA and RT-PCR detection of FMD virus (Table 3 ). The young calves had milder oral and pedal lesions, appeared dull, reluctant to move or stand, had inappetence, and died 2 -3 days later. Adult cattle showed frothy salivation, lameness, inappetence and progressive weight loss. The infected cattle in all the farms showed pedal lesions and foot "flicking", a tucked up stance and reluctance to stand or walk. Thorough necropsy and histopathological investigation were carried out onto the dead calves (n = 3) and adult cattle (n = 2) to find out the reason of death. 
Necropsy of dead cattle
At necropsy foamy saliva around mouth and nose was also seen. The ulceration in the gum and tongue (Fig. 1c) was dominant and severe in adult cattle. Ulceration was also seen onto the lips, cheeks, tongue and teats. The tongue papillae were inflamed, necrosed and disorganized. Ulceration was seen in the inter digital space, bulb of the heel and along the coronary band. There was erosion and ulceration in the rumen papillae of the adult cattle. The udder tissue of an infected cow appeared irregularly fibrosed and consolidated. The lungs of infected cattle were congested and consolidated. Characteristics white striping in the healthy pink muscle popularly known as "tiger heart disease" was seen in the young and adult cattle. Death of infected calves and adult cattle (Mannan et al., 2009; OIE, 2008) may be due to necrosis of cardiac muscle and cardiac failure.
Histopathological changes
Heart, lungs, liver, kidney, spleen, tongue and ulcerative areas of oral and pedal tissues showed prominent lesions. Most striking lesions seen were in the heart muscle and lungs. There was hyalinization and necrosis of cardiac muscle fibre in calves and adults and the necrosed muscle fibre were infiltrated with mononuclear cells (Fig. 2a) . Focal aggregations of mononuclear cells were scanty in the heart muscle of infected calves. The lungs from infected calves and cows showed widespread interstitial pneumonia. The bronchioles of infected calves were distended and containing reactive cells. Mononuclear cellular infiltration was seen in the thickened interlobular septae of lungs ( Fig. 2b) and in the interstitium. There was congestion and haemorrhage in the lungs, liver, kidney and spleen. The tongue of infected cow showed ulceration, erosion, necrosis and dissolution of surface epithelial layers (Fig.  2c) . The interdigital skin showed ulceration and necrosis, the keratinized layer was sloughed off. The interdigital skin following seven days of infection showed regeneration of keratinized layer with minimal lymphocytic and neutrophilic infiltration.
Foot-and-mouth disease under natural exposure caused vesicular and ulcerative lesions in oral and pedal tissues. Numerous researchers have investigated the histopathological changes of tissues following infection with FMD. The primary site of infection and replication of FMD is in the mucosa of the pharynx. The virus may also enter through skin lesions or the alimentary tract. Once distributed throughout the lymphatic system, the virus replicates in the epithelium of the mouth, muzzle, teats, feet, and areas of damaged skin Alexandersen and Mowat, 2005) . Vesicles then develop at the organs and rupture within 24 -48 hr. More than 50% of ruminants that recover from illness and those that are vaccinated and have been exposed to virus can carry virus particles in the pharyngeal region up to 3.5 years in cattle, 9 months in sheep, and >5 years in African buffalo (Arzt et al., 2011) .
Recent data indicate that after initial replication of the viruses in pharynx, skin or intestine, the virus enters into the bloodstream through regional lymph nodes. The greater part of the viral amplification occurs within the stratified squamous epithelia of the skin (including the feet and mammary gland) and mouth (including the tongue), or in the myocardium of young animals. In this study predominant lesion seen was in the lungs, heart, oral mucosa and skin at inter digital space. There was interstitial pneumonia both in young and adult cattle, the bronchioles of infected and dead calves was distended and inter lobular septa of adult cattle was markedly thickened due to deposition of fibrin. Mononuclear cellular infiltration was seen in the thickened interlobular septa and in the interstitium. Pulmonary tissues are not the common sites of FMD viral infection and replication but the extended of respiratory lesions as seen in lungs could have contributed to fatality (Islam et al., 2017a) . Historically, the infected cattle recovered through infection showed respiratory distress (dyspnoea) during hard work. The histopathologic changes seen in the interlobular septa of lungs and interstitium could have contributed to pulmonary dysfunction. The cardiac tissues of young and adult cattle showed focal necrosis and infiltration of mononuclear cells in necrotic tissues. The mortality of young calf and adult cow as seen following FMD could be due to cardiac and respiratory failure alone or in combination. The oral and pedal lesions as seen in infected and dead cattle were typical of FMD (Aftosa et al., 2015) . The clinicopathological evidence of FMD was further confirmed by RT-PCR. 
RT-PCR detection of viral serotypes
Extracted viral RNA used in uniplex RT-PCR successfully detected FMD viruses (Fig.  3a) . Results of multiplex RT-PCR with representative samples generated 292 bp and 402 bp amplicons specific for the FMD viral serotypes "Asia1" and "O" respectively (Fig. 3b) . The FMD viral serotypes "Asia1" and "O" were identified among cattle at Sujanagar, Chatmahar, Isshardi and Sadar Upazillas, Pabna district. Viral RNA from oral tissues appeared best to detect FMD viral serotypes from infected cases.
In viraemic state, serum sample can be used as a source of viral RNA and detection of FMD viral serotypes in RT-PCR (Reid et al., 2003) .
The demonstration of FMD viral nucleic acid in RT-PCR is mostly confirmatory. Positive serotyping is needed especially to design preventive and control strategies and hence positive samples from the repository were always used in RT-PCR protocol. The uniplex PCR was applied (Islam et al., 2016) in this study to detect FMD viruses in general from the extracted RNA obtained from the oral lesions of infected cattle. RT-PCR is the most sensitive protocol for the detection of FMDV in oropharyngeal samples of infected animals (Carol and Meyer, 1993 and Islam et al., 2016) . RT-PCR detection of FMD viruses is more sensitive than conventional ELISA (Rodriguez et al., 1994) . We observed that the RT-PCR protocol is simple, rapid and efficient tool for the detection of FMDV from clinical samples. To identify FMD viral topotypes, sequencing of VP1 gene and phylogenetic analysis was carried out. 
Sequence and phylogenetic analysis
Results of translational analysis revealed three point mutations in the fragment of VP1 gene studied. Out of 163 amino acid residues studied in the fragment of VP1 gene of FMD viral serotype "O"; three mutations was seen to affect amino acid position. Amino acid positions in 24 (Valine), 43 (Threonine) and 155 (Alanine) of VP1 gene was affected and replaced by Alanine, Alanine and Valine respectively. The percentage identity in the sequence of VP1 gene of FMD viral Serotype "O" was 97.5% to 100%. The Neighbour-Joining tree constructed by using VP1 gene sequence and MEGA6 programme showed that the FMD viral Serotype "O" belonged to ME-SA topotype (Fig. 4) . Similar observation was also reported by Loth et al. (2011) and Hossen et al. (2014) . However, effect of this mutation on the virulence of FMD virus was not evaluated. Full length sequencing of VP1 gene and sequence analysis revealed the degree of mutation and possible effect of this mutation onto antigenic variation. Three important mutations (24, 43 and 155) at VP1 gene was seen and could have contributed antigenic variation. The RT-PCR protocols adapted conferred faster results and enabled us to identify quickly the circulating FMD viral serotype(s) and topotype. The RT-PCR protocol can handle more samples in a single assay and can be a valuable tool to complement the routine diagnosis of viral serotypes/topotypes from field outbreaks and designing preventive strategies.
